The family Pseudonocardiaceae was first described by Embley et al. (1988) and its description was emended by Stackebrandt et al. (1997) on the basis of 16S rRNA gene sequence analysis. The family currently comprises 31 genera with validly published names: Actinoalloteichus (Tamura et al., 2000) , Actinokineospora (Hasegawa, 1988) , Actinomycetospora (Jiang et al., 2008) , Actinophytocola (Indananda et al., 2010) , Actinorectispora (Quadri et al., 2016) , Actinosynnema (Hasegawa et al., 1978) , Alloactinosynnema (Yuan et al., 2010) , Allokutzneria (Labeda & Kroppenstedt, 2008) , Amycolatopsis (Lechevalier et al., 1986) , Crossiella (Labeda, 2001) , Goodfellowiella (Labeda, 2006) , Haloechinothrix (Tang et al., 2010) , Halopolyspora (Lai et al., 2014) , Kibdelosporangium (Shearer et al., 1986a) , Kutzneria (Stackebrandt et al., 1994) , Labedaea (Lee, 2012) , Lechevalieria , Lentzea (Yassin et al., 1995) , Longimycelium (Xia et al., 2013) , Prauserella (Kim & Goodfellow, 1999) , Pseudonocardia (Henssen, 1957) , Saccharomonospora (Nonomura & Ohara, 1971) , Saccharopolyspora (Lacey & Goodfellow, 1975) , Saccharothrix (Labeda et al., 1984) , Sciscionella (Tian et al., 2009) , Streptoalloteichus (Tomita et al., 1987) , Tamaricihabitans (Qin et al., 2015) , Thermocrispum (Korn-Wendisch et al., 1995) , Thermotunica (Wu et al., 2014) , Umezawaea (Labeda & Kroppenstedt, 2007) , and Yuhushiella (Mao et al., 2011) . While screening soil microorganisms in an attempt to discover active agents against methicillin-resistant Staphylococcus aureus we isolated a novel natural product, which we named wychimicin, from the culture broth of strain MI503-A4
T . Here, we report on the classification and characterization of this wychimicinproducing strain, MI503-A4
T , and propose a novel genus and species within the family Pseudonocardiaceae to accommodate it.
Strain MI503-A4
T was isolated from a soil sample collected in Kuroishi, Aomori Prefecture, Japan. The samples were collected and isolated using a dilution plating technique, grown on agar plates containing 12.5 g glycerol, 1.0 g arginine, 1.0 g K 2 HPO 4 , 1.0 g NaCl, 0.5 g MgSO 4 .7H 2 O 20 g agar (Becton & Dickinson) in 1 l deionized water (pH 7.0), and incubated at 27 C for 2 weeks under aerobic conditions. The isolates were maintained on glucose-asparagine agar containing 10 g glucose, 0.5 g L-asparagine and 0.5 g K 2 HPO 4 in 1 l deionized water (pH 7.0), and yeast-starch agar containing 2 g yeast extract and 10 g soluble starch in 1 l deionized water (pH 7.0).
The morphological properties of strain MI503-A4
T were observed by scanning electron microscopy (Hitachi; S-520) using samples grown on several agar plates. Cultural characteristics were determined by growth on ISP2, ISP3, ISP4, ISP5, ISP6 and ISP7 media (Shirling & Gottlieb, 1966) , tapwater agar (Gordon et al., 1974) and soil extract agar (Shearer et al., 1983) . All tests were performed at 27 C for 4 weeks. The optimum growth temperature was tested at 10, 20, 25, 27, 30, 34, 37, 42 and 50 C. The ability of the strain to grow at different NaCl concentrations (0, 1, 3, 5, 7 and 10 %, w/v) and pH values (3, 4, 5, 6, 7, 8, 9 , 10 and 11) was determined. These tests were examined after yeast-starch agar incubation for 14 days. Carbon utilization patterns were determined using the methods of Shirling & Gottlieb (1966) . Acid production from carbohydrate metabolism, the decomposition of adenine, hypoxanthine, L-tyrosine, xanthine, casein and urea, the hydrolysis of esculin, and the use of benzoic, citric and succinic acid were examined as described previously (Gordon et al., 1974) .
Freeze-dried cells were obtained for chemotaxonomic studies of MI503-A4
T from cultures grown in yeast extract-glucose medium consisting of 1 g yeast extract and 1 g glucose in 100 ml deionized water (pH 7.0) on a rotary shaker at 28 C for 14 days.Analysis of the isomers of diaminopimelic acid in whole-cell hydrolysates was carried out using the method of Stanek & Roberts (1974) . Whole-cell sugar patterns were determined using a modified method of Stanek & Roberts (1974) . Analysis of the muramic acid residue Nacyl type was determined using the method of Uchida et al. (1999) . Extraction and analysis of mycolic acids were carried out using the methods of Minnikin et al. (1980) . Isoprenoid quinones were extracted and purified with a modified method of Collins et al. (1977) , and isoprene units were subsequently analyzed by liquid chromatography-mass spectrometry (LC-MS) (LC, Thermo Fisher Scientific Accela; MS, Thermo Fisher Scientific) employing UV detection and electrospray ionization MS. The solvent system was methanol:propan-2-ol (2 : 1, v/v) at a flow rate of 300 µl min
À1
. A Shiseido Capcell Pak C18 UG120 (2.0Â150 mm, 5 µm) was used and the column temperature was kept at 40 C. Polar lipids were extracted and examined by twodimensional TLC, as described by Minnikin et al. (1977) . Cellular fatty acid methyl esters were prepared by transmethylation of cells with methanolic hydrochloride, and were analyzed with a 7820A gas chromatography system with an HP-5 column (Agilent Technologies). Observed peaks were identified by using the FAME quantitative mixture (GL Science). Purified cell walls were prepared according to the method of Kawamoto et al. (1981) . Cell-wall amino acids were identified using an advanced Marfey's method, as described by Nozawa et al. (2007) .
The genomic DNA of strain MI503-A4
T was purified using a Genomic DNA Extraction Kit Mini (RBC Bioscience). The 16S rDNA was amplified using PCR with a PCR thermal cycler (iCycler; Bio-Rad Laboratories) and the universal primers 9F (5¢-GAGTTTGATCCTGGCTCAG-3¢) and 1541R (5¢-AAGGAGGTGATCCAGCC-3¢). PCR amplification was carried out according to Kinoshita et al. (1990) . The PCR products were purified using a HiYield Gel/PCR DNA Fragments Extraction Kit (RBC Bioscience), and were directly sequenced with an automated DNA sequencer (3730xl DNA Analyzer; Applied Biosystems). The resulting 16S rRNA (1481 nt) gene sequence was compared with corresponding sequences from other bacterial strains from the GenBank (http://www.ncbi.nlm.nih.gov/genbank/) database. A multiple sequence alignment was prepared using CLUSTAL W version 1.8 (Thompson et al., 1994) , and edited with BioEdit version 7.2.5 (Hall, 1999) . Phylogenetic trees were reconstructed with the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971 ) and maximum-likelihood (Felsenstein, 1981) algorithms, using MEGA version 5.05 software (Tamura et al., 2011) . Evolutionary distances used in the neighbour-joining method were calculated using the Tajima-Nei model (Tajima & Nei, 1984) . Tree topologies were evaluated by bootstrap analysis (Felsenstein, 1985) with 1000 replicates. DNA G+C content was determined by digestion with a GC kit (Yamasa), and analyzed by high-performance LC using the method of Noguchi et al. (1988) .
Phylogenetic analysis using the neighbour-joining method indicated MI503-A4 T belongs to the family Pseudonocardiaceae, and forms a monophyletic branch between Kibdelosporangium and Labedaea (Fig. 1) . This branching pattern was also found in maximum likelihood and maximum parsimony trees (Figs S1 & S2, available in the online Supplementary Material). The 16S rRNA gene sequence of strain MI503-A4
T was most similar to several species in the family Pseudonocardiaceae: Kibdelosporangium aridum subsp. aridum DSM 43828 T (96.2 % sequence identity), K. aridum subsp. largum SKF AAD-609
T (95.7 %), Actinokineospora cibodasensis NBRC 104212 T (95.7 %), and Allokutzneria albata R 761-7 T (95.6 %). Other species within the family Pseudonocardiaceae were all less than 95.5 % similar, in terms of their 16S rRNA gene sequences, to strain MI503-A4 T .
Morphological and chemotaxonomic differences between MI503-A4
T and closely related members in the family Pseudonocardiaceae are shown in Tables 1 and S1 . Strain MI503-A4 T formed straight-to zigzag-shaped aerial mycelium (Fig. 2) . Sporangium-like structures and motile spores were not observed. Strain MI503-A4
T could grow at 20-34 C. Cell-wall peptidoglycans contained meso-diaminopimelic acid, glutamic acid and alanine. Rhamnose, ribose, arabinose and galactose were detected in whole-cell hydrolysates. Mycolic acid was not detected. Muramic acid residues were N-acetylated, while the predominant menaquinone was MK-9(H 4 ) and a trace amount of MK-8(H 4 ) was also detected. Polar lipids contained diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol and hydroxyl-phosphatidylethanolamine, but phosphatidyl-N-monomethylethanolamine was not detected. The predominant fatty acids were found to be iso-C 14 : 0 (11.7 %), iso-C 15 : 0 (13.3 %), and iso-C 16 : 0 (35.7 %). The DNA G+C content of strain MI503-A4 T was determined to be 70.3-71.1 mol%. Strain MI503-A4
T could be morphologically differentiated from the closest phylogenetic genus, Kibdelosporangium, as it did not produce sporangium-like structures on any agar media. Also, strain MI503-A4 T contained hydroxyl-phosphatidylethanolamine as a polar lipid (Fig. S3 ), ribose and rhamnose as whole-cell sugars and i-C 14 : 0 was detected as a predominant fatty acid; this is in contrast to members of the genus Kibdelosporangium.
Physiological properties and phylogenetic analyses indicated that strain MI503-A4
T represents a novel species of a novel genus in the family Pseudonocardiaceae, for which the name Actinocrispum wychmicini gen. nov., sp. nov., is proposed.
Description of Actinocrispum gen. nov.
Actinocrispum (Ac.ti.no.cris¢pum. Gr. n. actis actinos a ray; L. neut. adj. crispum tightly curled; N.L. neut. n. Actinocrispum actinomycete with tightly curled shape). T (AY207604) sequence was used as the outgroup. Asterisks indicate branches in the tree that were also recovered using maximum-parsimony and maximum-likelihood trees. Bootstrap values (those above 50 %) are shown as percentages of 1000 replicates. Bar, 0.01 substitutions per nucleotide.
Gram-stain-positive, non-acid-fast, aerobic, non-motile actinomycete. Forms straight-to zigzag-shaped aerial mycelium, which are seldom branched. Sporangium-like structures and single spherical spores are not observed. It contains meso-diaminopimelic acid as a diamino acid. Whole-cell sugars consist of rhamnose, ribose, arabinose and galactose. Mycolic acid is not detected. Muramic acid residues are N-acetylated. The predominant menaquinone is MK-9(H 4 ); trace amounts of MK-8(H 4 ) are also detected. The phospholipid profile comprises diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol and hydroxyl-phosphatidylethanolamine. Predominant fatty acids are iso-C 14 : 0 , iso-C 15 : 0 and iso-C 16 : 0 . The type species is Actinocrispum wychmicini.
Description of Actinocrispum wychmicini sp. nov.
Actinocrispum wychmicini (wych.mi.ci¢ni. N.L. gen. n. wychmicini pertaining to the antibiotic wychmicin).
In addition to the characteristics in the genus description, it has the following properties. It grows well on ISP2 and ISP3 medium, and moderately well on ISP 4, 5, 7, soil extract agar and water agar. Aerial mycelia are white and substrate mycelia are colourless or pale yellow to pale yellowish-brown, depending on the medium. No diffusible pigments are produced. D-Glucose, myo-inositol, D-levulose, D-mannitol, raffinose, L-rhamnose, saccharose and D-xylose are used. Casein, esculin, hypoxanthine, starch and L-tyrosine are hydrolyzed, but not adenine and xanthine. Citrate and succinate are assimilated, but benzoate is not. The species is weakly positive for the decomposition of urea. Acid can be produced from cellobiose, D-fructose, D-galactose, D-glucose, myo-inositol, D-lactose, D-maltose, D-mannitol, D-mannose, melibiose, raffinose, D-ribose, rhamnose, sucrose, trehalose and D-xylose. The species grows at 20-34 C (optimum 27 C), at pH 5-9 (optimum pH 7) and with 0-3 % (w/v) NaCl (optimum 0 % NaCl).
The type strain is MI503-A4 T (=NBRC 109632 T =DSM 45934 T ), which was isolated from a soil sample from Kuroishi, Aomori Prefecture, Japan. The DNA G+C content of the type strain is 70.3-71.1 mol%. (Shearer et al., 1986a, b; Mertz & Yao, 1988; Labeda & Kroppenstedt, 2008; Xing et al., 2012) ; 3, Actinokineospora (Otoguro et al., 2001; Labeda et al., 2010; Tang et al., 2012; Intra et al., 2013) ; 4, Allokutzneria (Labeda & Kroppenstedt, 2008; Cao et al., 2013; Duangmal et al., 2014) . Rha, rhamnose; Rib, ribose; Ara, arabinose; Gal, galactose; Glu, glucose; Man, mannose; PE, phophatidylethanolamine; PME, phosphatidyl-N-monomethylethanolamine; OH-PE, hydroxyl-phosphatidylethanolamine; PG, phosphatidylglycerol; PI, phosphatidylinositol; DPG, diphosphatidylglycerol; +, positive; À, negative; (+), depending on species. 
